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Abstract:
We summarize results for the processes e−γ →W−νe, e
−Z, e−γ within the electroweak
Standard Model. We discuss the essential features of the corresponding lowest-order
cross-sections and present numerical results for the unpolarized cross-sections including
the complete O(α) virtual, soft-photonic, and hard-photonic corrections. While at low
energies the weak corrections are dominated by the leading universal corrections, at high
energies we find large, non-universal corrections, which arise from vertex and box diagrams
involving non-Abelian gauge couplings.
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1 Introduction
Apart from the precise investigation of e+e− reactions, the next linear collider will most
likely also allow the study of e−γ and γγ reactions. Thereby the high-energy photons are
not only naturally generated by beamstrahlung and bremsstrahlung, but can be produced
much more efficiently via the Compton backscattering of laser photons off high-energy
electrons. The relatively clean environment of e−γ and γγ collisions will enable further
precision tests of the electroweak standard model, complementary to the ones in e+e−
collisions. In view of electroweak physics the most important processes are those of gauge-
boson production, i.e. in e−γ collisions e−γ → W−νe, e
−Z, e−γ. In particular W-boson
production allows an investigation of the non-Abelian γWW coupling widely independent
of other couplings [1]. Z-boson production and Compton scattering provide information
about possible anomalous couplings between the photon and the Z boson [2]. Moreover
backward Compton scattering turns out to be well suited as a luminosity monitor for e−γ
collisions, in a way similar to forward Bhabha scattering in e+e− annihilation.
Accurate theoretical predictions for the processes e−γ →W−νe, e
−Z, e−γ require the
inclusion of radiative corrections (RCs) at least in O(α) since the statistical error of the
corresponding cross-sections in the picobarn range is expected to be at the per cent level for
a 500GeV collider. Here we summarize the essential results for these processes, which have
been extensively discussed in Refs. [3, 4]. In particular we review the lowest-order cross-
sections, the weak RCs, and the full O(α) corrections, thereby concentrating on the unpo-
larized case. Numerical results are presented for energies ranging from 10GeV to 2TeV.
2 Lowest-order cross-sections
Using the conventions and results of Refs. [3], the unpolarized, differential lowest-order
cross-sections for vanishing electron mass can be easily calculated to
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Figure 1: Differential lowest-order cross-sections for unpolarized particles:
e−γ → e−γ, −−− e−γ → e−Z, · · · · · · e−γ →W−νe.
(
dσ
dΩ
)e−γ→e−γ
Born
=
α2
2s2(−u)
(s2 + u2). (1)
Here s = E2CMS, t = −(s−M
2
B) sin
2(θ/2), and u = −(s−M2B) cos
2(θ/2) with the centre-of-
mass energy ECMS, the mass of the outgoing boson MB and the scattering angle between
the incoming and outgoing fermion θ.
The angular dependence of the differential cross-sections, illustrated in Fig. 1, reflects
the pole structure of single Feynman diagrams contributing to the individual processes.
In particular e−γ → W−νe is characterized by a t-channel pole in the forward direction
and e−γ → e−Z, e−γ are dominated by u-channel poles in the backward direction. While
the cross-section for W production vanishes in the backward direction, the ones for the
production of neutral bosons are finite everywhere.
The integrated lowest-order cross-sections are shown as functions of ECMS in Fig. 2.
Owing to the (double) t-channel pole of the differential cross-section, the total cross-
section of e−γ → W−νe approaches a constant in the high-energy limit. However, this
constant is replaced by a 1/s dependence if the angular region around the beam axis
is excluded from the phase space. Such an angular cut ∆θ < θ < 180◦ − ∆θ does not
only correspond to the experimental situation, it is also necessary to avoid the back-
ward singularity (u-channel pole) for e−γ → e−Z, e−γ, which would be regularized by
a finite electron mass. The integrated cross-section for e−γ → e−Z starts with a finite
value at threshold since the phase-space factor (s−M2Z) in the numerator of differential
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Figure 2: Integrated lowest-order cross-sections for unpolarized particles and two different
cuts ∆θ = 20◦ and ∆θ = 1◦ (0◦ for e−γ →W−νe) (same signature as in Fig. 1).
cross-section is cancelled exactly by the factor (−u) in the denominator. In contrast, the
cross-section for W production is suppressed by β2 (β = (s−M2W)/(s+M
2
W) = velocity
of W boson) close to threshold. On the other hand W-boson production is dominating
for energies above 200–300GeV. Compton scattering is preferred to Z-boson production
by roughly a factor 2–3, for all energies.
In Refs. [3] we have also discussed the various polarized cross-sections. For all these
processes the main contributions are due to the channels where the helicities of the in-
coming photon and the outgoing boson coincide. Relative to these, the cross-sections for
longitudinal W and Z production are suppressed by M2W,Z/s. In the case of Compton
scattering the helicities of both the electron and the photon are conserved in lowest order.
3 Weak radiative corrections
In the case of the neutral-current processes e−γ → e−Z, e−γ, the virtual pure QED
corrections are formed by those diagrams that involve virtual photons, the remaining
gauge-invariant subset of one-loop diagrams furnishes the weak corrections. For the
charged-current process e−γ → W−νe, the pure QED contributions cannot be simply
related to a subset of Feynman graphs. Instead we define the relative weak RCs δweak by
splitting off the leading QED corrections
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Figure 3: Weak corrections to the differential cross-sections for unpolarized particles (same
signature as in Fig. 1).
from the complete virtual electroweak and real soft-photonic correction δ, i.e.
δweak = δ − δQED. (3)
In (2) ∆E denotes the soft-photon cut-off energy.
Figure 3 illustrates the angular dependence of δweak for the individual processes. Note
that the weak RCs vanish for Compton backscattering owing to the u-channel dominance
and the usual definition of the electric charge in the Thomson limit. For all the consid-
ered processes the angular dependence of δweak increases strongly with energy. The large
angular-dependent corrections at high energies can be traced back to those vertex and box
diagrams that contain non-Abelian couplings. As a consequence the leading universal cor-
rections, i.e. the corrections associated with the running of α and the ρ-parameter, which
dominate the weak corrections at low energies, are definitely not sufficient at high ener-
gies. While δweak gets very large in regions where the corresponding Born cross-sections
are suppressed, it is of the order of 10% where the cross-sections are sizeable. Therefore
the weak RCs to the integrated cross-sections, which are shown in Fig. 4 as functions of
ECMS, are moderate at energies below 1TeV. In particular the integrated Compton cross-
section is practically not influenced by weak corrections for energies below the threshold
singularity at ECMS =MZ.
4
δweak/%
ECMS/GeV
101 102 103
+5
0
−5
−10
−15
−20
Figure 4: Weak corrections to the integrated cross-sections (20◦ < θ < 160◦) for unpolar-
ized particles (same signature as in Fig. 1).
4 Full O(α) radiative corrections
The full O(α) corrections δfull include, in addition to the virtual and real soft-photonic
corrections, the hard-photonic ones that correspond to the radiative processes e−γ →
W−νeγ, e
−Zγ, e−γγ, with bremsstrahlung photons of finite energy. The cross-sections of
these hard bremsstrahlung processes are discussed in Refs. [4]. Here we just mention that
the main contributions arise from collinear photon emission, where a finite electron mass
has to be taken into account to regularize the logarithmic collinear singularities. This
introduces finite-mass effects, which represent the only origin for a possible spin flip of
the fermions.
Figure 5 shows the full relative O(α) corrections to the single processes. The bars
indicate the statistical error of the Monte Carlo integration over the three-particle phase
space for the hard-bremsstrahlung cross-section, which is performed with VEGAS [5].
The phase space of the final state is restricted by the cuts1
20◦ < θ′W < 160
◦ for e−γ →W−νe,
E ′e > 0.2E, 20
◦ < θ′Z, θ
′
e < 160
◦ for e−γ → e−Z,
E ′γ, E
′
e > 0.2E, 20
◦ < θ′γ , θ
′
e < 160
◦ for e−γ → e−γ, (4)
where all angles are relative to the incoming electron and primed quantities refer to
outgoing particles. The O(α) RCs to e−γ →W−νe, e
−Z, e−γ turn out to be at the level
1For Compton scattering this means that at least one emitted photon has to fulfil these constraints.
5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0
0
0
0
0
0
0
0
0 0
0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0
0
0
0
0
0
0
0
0
0
0 0
0 0
0 0
0 0
0 0 0
0 0 0
0 0 0 0
0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
δfull/%
ECMS/GeV
e−γ → e−γ
e−γ → e−Z
e−γ →W−νe
101 102 103
+5
0
−5
−10
−15
−20
Figure 5: Full O(α) corrections to the integrated cross-sections for unpolarized particles.
of several per cent for energies of several hundred GeV and increase for higher energies
∝ log2 s. In this limit the weak RCs exceed the photonic corrections δphot of pure QED,
which grow only logarithmically with energy. For Compton scattering δphot is of the form
δe
−γ→e−γ
phot = C1 log
(
me
ECMS
)
+ C2 (5)
for fixed cut-off parameters, and δweak is responsible for the deviation of δfull from a straight
line in Fig. 5.
5 Conclusion and outlook
We have calculated the complete O(α) Standard Model radiative corrections, including
soft- and hard-photonic bremsstrahlung, to the processes e−γ → W−νe, e
−Z, e−γ for
arbitrary polarizations of the fermions and bosons. Where the cross-sections are sizeable,
the corrections are typically at the level of a few per cent. Close to threshold we find
large corrections for e−γ →W−νe, e
−Z arising from soft photons. As a consequence these
corrections should be exponentiated. Moreover finite-width effects should be included and
a convolution with a realistic photon spectrum should be performed. We do, however,
not expect that these refinements will drastically affect the size of the O(α) corrections.
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